Hedge funds are often said to provide investors with the best of both worlds: an expected return similar to equity with a risk similar to that of bonds. When past returns are simply extrapolated and risk is defined as the standard deviation of the fund return, this is indeed true. Recently, however, several studies 1 have shown that the risk and dependence characteristics of hedge funds are substantially more complex than those of stocks and bonds. This means that when hedge funds are involved it is no longer appropriate to use the standard deviation as the sole measure of risk.
Investors will have to give weight to the return distribution's higher moments as well.
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In this article we study the diversification effects that occur when combining hedge funds with stocks and bonds. We not only look at the means and standard deviations of the resulting portfolios' return distributions, but also at their symmetry (as measured by the distributions' skewness) and the probability of extreme outcomes (as measured by their kurtosis). Our results make it clear that hedge funds do not mix very well with equity. Although including hedge funds in a traditional investment portfolio may significantly improve that portfolio's mean-variance characteristics, it can also be expected to lead to significantly lower skewness as well as higher kurtosis. This means that the case for hedge funds is less straightforward than often suggested and requires investors to make a trade-off between profit and loss potential. Our results also underline that as long as investors do not invest a substantial portion of their wealth in hedge funds, including hedge funds will have little impact on the return characteristics of the overall portfolio. This is an important observation given that most institutional investors that are currently considering to invest in hedge funds do not appear to be planning to allocate more than 1-5% to this asset class.
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THE DATA
In this study we use the S&P 500 index to represent stocks, while bonds are represented by the 10-year Salomon Brothers Government Bond index. Since nowadays most investors invest in a basket of hedge funds instead of a single fund, to represent hedge funds we use an equally-weighted portfolio of 20 different funds. If so, selecting funds based on their track record is not an option. The fund prospectus and interviews with managers may provide some information, but in most cases this information will only be sketchy at best and may add more confusion than actual value.
MEAN-VARIANCE OPTIMAL PORTFOLIOS
We performed two standard mean-variance optimisations; one with only stocks and bonds and one with stocks, bonds and hedge funds as the available asset classes. The results of both optimisations can be found in exhibit 2 and 3. The differences between the case with and the case without hedge funds can be found in exhibit 4.
<< Insert Exhibit 2-4 >>
In exhibit 2-4 the mean-variance efficient set is approached in two different ways. It is often suggested, for example in McFall Lamm (1999) , that investors should use hedge funds to replace bonds in their portfolio. Since hedge funds have a relatively high mean and low standard deviation and are only loosely correlated with equity, replacing bonds by hedge funds will substantially raise the expected return without an accompanying rise in standard deviation. In the first part of each exhibit we therefore look at the highest possible mean for a given level of standard deviation. Another reason why investors allocate to hedge funds is to reduce risk without losing expected return. Over the sample period, a portfolio of 50% stocks and 50% bonds has an expected return of almost 1% per month. The same is true for our hedge fund portfolio. With hedge funds only loosely correlated with stocks and bonds, this means that by replacing both stocks and bonds with hedge funds investors can reduce the standard deviation of the portfolio return while maintaining the expected return at around 1%. In the second part of each exhibit we therefore look at the lowest possible standard deviation for a given mean return. The remaining columns show the required portfolio allocations as well as the skewness and kurtosis characteristics of the resulting portfolio return distributions.
Starting with the case without hedge funds (see exhibit 2), we see that moving upwards over the efficient frontier results in a straightforward exchange of bonds for stocks.
Since stocks have a higher mean and a higher standard deviation than bonds, if we increase the standard deviation (mean), the mean (standard deviation) also goes up.
While this happens, the skewness of the return distribution drops in a more or less linear fashion as stock returns are more negatively skewed than bond returns. The kurtosis of the return distribution remains more or less unchanged, however.
<< Insert Exhibit 5 >>
Next, we added hedge funds and recalculated the efficient frontier (see exhibit 3).
Moving upwards over the efficient frontier we observe some interesting changes in the asset allocation. Starting with a mix of 50% bonds and 50% hedge funds, bonds are exchanged for stocks while the hedge fund allocation remains more or less constant.
When the bond allocation is depleted, the equity allocation continues to grow but now at the expense of the hedge fund allocation, just as bonds are exchanged for stocks in the case without hedge funds. This process is graphically depicted in exhibit 5.
<< Insert Exhibit 6 >>
Similar to the case without hedge funds, if we increase the standard deviation (mean), the mean (standard deviation) goes up, while the skewness of the return distribution goes down. Unlike what we saw before, however, skewness no longer drops in a more or less linear fashion. This is also shown in exhibit 6, which for given standard deviations shows the mean return and skewness of the portfolios on the mean-variance efficient frontier. From exhibit 5 and 6 we see that skewness drops as long as bonds are being replaced by equity. The lowest level of skewness is reached when the bond allocation reaches 0%, i.e. with around 45% invested in stocks and 55% in hedge funds.
After that, as hedge funds start to be replaced by equity, skewness rises again, reaching -0.79 when 100% is invested in equity. A similar phenomenon is observed for kurtosis.
The above shows that in terms of skewness and kurtosis hedge funds do not combine very well with equity. When things go wrong in the stock market, they tend to go wrong for hedge funds as well. Not necessarily because of what happens to stock prices (after all, many hedge funds do not invest in equity), but because a significant drop in stock prices will often be accompanied by a widening of credit spreads, a significant drop in market liquidity, higher volatility, etc. Since hedge funds are highly sensitive to such factors, when the stock market drops, hedge funds can be expected to show relatively So what are the most striking differences between the mean-variance efficient set with and without hedge funds (see exhibit 4)? First, as expected, introducing hedge funds allows for a higher mean at a given standard deviations and a lower standard deviation at a given mean. The largest improvement is observed for relatively low means and standard deviations. For high means and standard deviations the effect is only small though. 6 To realize the above effects investors will have to invest a high portion of their assets in hedge funds. A meaningful improvement in mean return and/or standard deviation requires a hedge fund allocation of at least 25-30%. Second, skewness drops with the drop being most striking for those cases where the mean or standard deviation improves most. This emphasizes that the improvement in mean and/or standard deviation is simply bought by accepting a higher probability of a relatively large loss.
Third, kurtosis rises with the highest rise occurring when the hedge fund allocation is highest.
From the above it is painfully clear that standard mean-variance portfolio decisionmaking is no longer appropriate when hedge funds are involved. Given the statistical properties of portfolios of stocks, bonds and hedge funds we need a decision-making framework that not only incorporates the mean and standard deviation of the portfolio return distribution, but also (at least) its skewness. In this context it is interesting to note that mean-variance-skewness portfolio selection models received quite some attention in academia in the 1970s. 7 Interest faded in later years, however, partly because with stocks and bonds skewness is not too much of a problem. Exhibit 7 shows the meanvariance efficient portfolios for the case with (grey) and without (black) hedge funds in mean-variance-skewness space. From the graph we clearly see how different both efficient sets are in terms of skewness. The efficient set for the case with hedge funds offers more attractive mean-variance properties, but at the cost of much lower levels of skewness. To assess how both efficient sets fit into the mean-variance-skewness opportunity set, we calculated and plotted the mean, variance and skewness of all possible combinations of stocks, bonds and hedge funds (not shown). This showed very clearly that both efficient sets depicted in exhibit 7 lie on opposite sides of the opportunity set. In other words, when combining stocks, bonds and hedge funds the nature of the opportunity set is such that the most attractive mean-variance combinations are found at the lowest skewness levels. The skewness effect can be avoided by choosing a lower mean and/or higher standard deviation. However, this will simply takes us back to the case without hedge funds.
<< Insert Exhibit 7 >>
In essence, hedge funds offer investors a way to modify the risk-return characteristics of their portfolio. Whether the resulting portfolio makes for a more attractive investment than the original is a matter of taste though, not a general rule. 
SOME OTHER CONSIDERATIONS
Apart from the fact that the only way to capitalize on the low volatility and low correlation properties of hedge funds seems to be to allocate quite a significant part of one's wealth to hedge funds and accept the additional negative skewness and increased kurtosis that comes with it, there are a number of other important points to consider before making an allocation to hedge funds. In this section we briefly discuss three of them, all relating to the validity of the inputs used in the portfolio decision-making process.
Biased Data
Apart from reporting and data entry errors and survivorship bias, monthly hedge fund return data exhibit another type of bias as well. As shown in Brooks and Kat (2002) , the available monthly returns of hedge funds involved in convertible arbitrage, risk arbitrage or distressed securities tend to exhibit a high degree of positive serial correlation. The explanation for this phenomenon lies in the difficulty for these types of hedge funds' administrators to generate up-to-date valuations of their positions.
When confronted with this problem, administrators either use the last reported transaction price or a conservative estimate of the current market price, which creates lags in the evolution of these funds' net asset value. As a result of the autocorrelation, estimates of the standard deviation of monthly hedge fund returns may be biased downwards by a significant amount. Brooks and Kat (2002) show that when corrected for serial correlation the standard deviation of the monthly return on the CSFB/Tremont Convertible Arbitrage index for example increases from 1.36% to 2.42%. Incorporation of this bias will make certain types of hedge funds more risky and their inclusion in the portfolio therefore less attractive.
Illiquidity
Many hedge funds employ long lock-up and advance notice periods. Such restrictions are not only meant to reduce managing costs and cash holdings but also allow managers to aim for longer-term horizons and invest in relatively illiquid securities.
As a result, hedge fund investments are substantially less liquid than investments in common stocks or bonds. If this relative illiquidity is properly incorporated in the portfolio decision-making process, this will again reduce the benefits of hedge funds.
Estimation Error
Since most data vendors only started collecting data on hedge funds around 1994 and hedge funds report into these databases only once a month, the available data set on hedge funds is very limited. Apart from spanning a very short period of time, the available data on hedge funds also span a very special period: the bull market of the 1990s and the various crises that followed. This sharply contracts with the situation for stocks and bonds. Not only do we have return data over differencing intervals much shorter than one month, we also have those data available over a period that extends over many business cycles. This has allowed us to gain insight into the main factors behind stock and bond returns and also allows us to distinguish between normal and abnormal market behaviour. The return generating process behind hedge funds on the other hand is still very much a mystery and so far we have little idea what constitutes normal behaviour and what not. Risk arbitrage funds for example used to show impressive performance during the recent bull market but are currently confronted by a serious lack of merger activity that can be expected to greatly impact their performance.
With institutional interest in hedge funds on the increase another question that arises is when the hedge fund industry will reach capacity. While the hedge fund industry has experienced strong growth over the last five years in terms of assets under management, hedge funds are showing lower returns. This could be taken as an indication that there are no longer enough opportunities in the global capital markets to allow hedge funds to continue to deliver the sort of returns that we have seen so far. Although this is by no means an easy task, the above uncertainties should be incorporated in the portfolio decision-making process. Of course, doing so will again reduce the attractiveness of hedge funds.
CONCLUSION
In this article we have seen that introducing hedge funds in a portfolio of stocks and bonds does not yield a free lunch. It will improve the portfolio's mean-variance characteristics but at the cost of lower skewness and higher kurtosis. Hedge funds are not necessarily good or bad. They are just very different from what most investors are used to and require a more elaborate approach to investment decision-making than currently in use by most investors. 8 When studied in the traditional mean-variance framework, the inclusion of hedge funds in a portfolio appears to pay off impressive dividends. However, when taking into account the complexity of their relationship with other asset classes, their illiquidity, and the lack of (reliable) data, the matter becomes quite a lot more complicated. Clearly, it will take a substantial research effort before these issues can be dealt with in a satisfactory manner.
ENDNOTES
1. See for example Brooks and Kat (2002) , Favre and Galeano (2002), or Amin and Kat (2003a) .
2. Scott and Horvath (1980) show that under fairly weak assumptions concerning investors' utility functions investors will desire high odd moments and low even moments. Hedge funds offer relatively high means and low variances, but as we will see they also tend to give investors skewness and kurtosis attributes that are exactly opposite to what investors desire.
3. CalPERS and ABP, the two largest pension funds in the world, recently
announced that each will invest up to one billion in hedge funds. Given the size of these institutions, however, these allocations amount to less than 1% of total assets.
4. See for example Brown, Goetzmann and Ibbotson (1999) , Liang (2000) or Amin and Kat (2003b) .
5. Although funds of hedge funds often claim to possess superior fund selection skills, it is shown in Kat and Lu (2002) 
